Deformity of the forearm due to growth disturbance of the ulna occurs in a number of conditions such as ulnar deficiency, multiple exostoses, and neurofibromatosis. We report a previously unrecognised form, caused by focal cortical indentation.
Deformity of the forearm due to growth disturbance of the ulna occurs in a number of conditions such as ulnar deficiency, multiple exostoses, and neurofibromatosis. We report a previously unrecognised form, caused by focal cortical indentation.
We have treated five children with this condition, three girls and two boys; the mean age at presentation was 5 years (2 to 8). The deformity was first recognised about the age of two years, and progressed gradually. The radiological findings were the same in all cases. The focal cortical indentation was seen at the distal end of the ulna with anteromedial bowing and dysplasia. The radial head was dislocated posterolaterally. In one patient the histological findings at the site of indentation were of a fold of tissue resembling periosteum, which interfered with enchondral ossification. Treatment by ulnar lengthening using an external fixator and osteotomy which corrected both the ulnar deformity and reduced the dislocated radial head in two cases gave the best results.
We report five patients presenting with a deformity of the forearm due to ulnar dysplasia associated with focal cortical indentation at the distal end of the ulna. This condition differs from previously described forms of ulnar dysplasia.
Patients and Methods
Between 1965 and 2000, we treated five patients, three girls and two boys with a progressive deformity of the forearm, cubitus varus and similar radiographic findings. The mean age at presentation was five years (2 to 8). The left forearm was involved in four and the right in one. None had trauma to the affected arm. The condition was not reported at birth but appeared during growth. Radiographs showed a focal cortical indentation at the distal end of the ulna (Fig.  1 ) in all patients. The indentation was on the anteromedial aspect and extended in a proximal and posterolateral direction. Longitudinal growth of the ulna was disturbed with anteromedial bowing. The radial head was dislocated posterolaterally with bowing of the radius but no other growth disturbance. No abnormalities were seen in the carpus or fingers. Operative treatment depended on the age at presentation and the decision of the surgeon (Table I ). All except one patient had reached skeletal maturity by final follow-up.
Results
In the first patient (case 1), a series of procedures was attempted but the ulnar bowing persisted at follow-up. Cases 2 and 3 were treated by converting the two-bone forearm to a one-bone forearm. At final follow-up, the bowing was corrected but the forearm was short, with limitation of rotation. In case 3, a specimen taken from the area of focal cortical indentation seen on the radiographs, was obtained during resection and showed a fold of tissue resembling periosteum reaching to the ulnar bone marrow. The abnormal tissue extended to the epiphysis, and interfered with enchondral ossification (Fig. 2) .
Case 4 presented at the age of eight years with a deformity of the forearm and cubitus varus. She was an identical twin. Her grandfather had first noticed a deformity of the left elbow at the age of two years. The deformity progressed and ulnar lengthening with an external fixator was undertaken. After 3 cm of lengthening, the body of the external fixator body removed and manual correction of the ulna with repositioning of the radial head was performed retaining the fixator pins which were fixed with bone cement until the distracted callus matured. The focal cortical indentation was no longer seen on the radiographs taken after removal of the pins. At final follow-up at the age of 17 years, nine years after operation, the deformity was no longer clinically detectable, and the movements of the elbow and rotation of the forearm were full. The radiographs showed no recurrence of the focal cortical indentation.
Case 5 presented at the age of seven years with a deformity of the elbow; his grandfather had noticed the deformity. The right forearm showed ulnar bowing with a prominence laterally at the elbow. Radiographs showed ulnar bowing, with a distal focal indentation and dislocation of the radial head, as in the previous cases. Ulnar lengthening with a unilateral hinged external fixator was undertaken. After 2.8 cm of lengthening, the joint of the external fixator was relaxed, and manual correction of the ulna with repositioning of the radial head was performed. The external fixator was locked in the corrected position until the distraction callus matured. The focal cortical indentation was no longer seen on radiographs taken after removal of the pins. At final follow-up, 2.8 years post-operatively at the age of ten years, the forearm and elbow deformities were corrected, with a similar appearance to the unaffected side, without limitation of movement of the elbow or rotation of the forearm. The focal cortical indentation had disappeared as had the growth disturbance of the ulna (Fig. 3) .
Discussion
Deformity of the forearm owing to a growth disturbance of the ulna may occur in a number of conditions such as ulnar deficiency, 1 multiple exostoses, 2,3 and neurofibromatosis. 4, 5 We believe that the type of ulnar dysplasia described here has not been reported before. Histological examination was undertaken in only one case, but we feel that all five cases represent the same entity with similar clinical and radiological findings. The fold of dense connective tissue resembling periosteum found at histological examination seemed to have disturbed the longitudinal growth of the ulna on the palmar and ulnar side. Bowing of the radius with slow dislocation of the radial head occurred secondary to the ulnar bowing. It is not clear why part of the lesion which disturbed ulnar growth became indented into the ulnar bone marrow. Perhaps tissue at the insertion of the pronator quadratus muscle into the distal ulna entered the marrow at the site of Anteroposterior radiograph of case 5, a) pre-operatively; b) during callus distraction; c) corrective osteotomy after callus distraction; d) at final follow-up; e) clinical appearance pre-operatively; f) clinical appearance 2.8 years post-operatively.
the focal cortical indentation. The lesion occurred in one identical twin (case 4) but not the other making a hereditary cause unlikely.
The best results of treatment were by ulnar lengthening with an external fixator followed by corrective osteotomy. This corrected the ulnar deformity three-dimensionally and simultaneously reduced the dislocation of the radial head. We did not use the Ilizarov technique. 6 Flatt 1 created a single-bone forearm for type II ulnar deficiency. In almost all patients the movements of the elbow, forearm, and wrist were satisfactory. However, in our view, in cases of ulnar bowing due to focal cortical indentation of the ulna, creating a one-bone forearm should be used only as a salvage procedure as in case 2. Case 3 was operated on in the 1970s when ulnar lengthening by callus distraction was not widely used. Long-term follow-up showed that the onebone forearm was shorter than the other side, with some limitation of rotation of the forearm.
The course of the focal cortical indentation of the ulna was as follows. The indentation had disappeared on followup radiographs in cases 4 and 5. In the latter two, distal pins were inserted at the removed site of the indentation, which was not seen on radiographs after the pins had been removed. This suggests that the pins cut into and destroyed the lesion, so that subsequent longitudinal growth of the ulna was normal. Thus the growth disturbance caused by this lesion would seem to be different from that of early epiphyseal arrest, and that bone formation can occur during growth.
The clinical and radiological characteristics of our patients appear similar to those described by Bell et al 7 in
tibia vara with focal fibrocartilaginous dysplasia, but the histological findings are different. Focal fibrocartilaginous dysplasia is at the metaphysis, and does not reach the epiphysis. Fibrocartilage is found histologically at the abnormal radiographic areas whereas focal cortical indentations reach the epiphysis, and the histological findings are of a fold of tissue resembling periosteum not fibrocartilage. In both lesions, bone growth is probably disturbed by aberrant congenital tissue. Focal cartilaginous dysplasia has been reported in the upper limb and spontaneous healing can occur. 8, 9 By contrast, the forearm deformity with dislocation of the radial head which we describe is progressive and therefore we believe a different entity.
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